QCD sum rules for the determination of form factors of Λ b and Λ c semileptonic decays are investigated. With a form for the baryonic current appropriate for the limits of the heavy quark symmetries, the different tensor structures occurring in the two-and three-point functions are separately studied, and in each case general relations are written for the form factors. Particular attention is given to the treatment of the kinematical region ascribed to the continuum. The t-dependence of the form factors and the decay rates are numerically evaluated and compared to experimental information.
Introduction
In this paper we treat semileptonic decays of the heavy baryons Λ c and Λ b . The study of the matrix elements of weak decays of heavy hadrons are an important source of information on some elements of the Cabbibo-Kobayashi-Maskawa (CKM) matrix, but the determination of these fundamental quantities of the standard model require disentanglement from the effects of strong interactions occurring inside the hadrons. QCD sum rules [1] (for reviews see [2, 3] ) provide an important approach for calculating hadronic matrix elements and form factors for systems with both light and heavy quarks.
This method deals with the nonperturbative aspects of QCD analytically using a limited input of phenomenological parameters and has been applied successfully to semileptonic decays of mesons. Unfortunately QCD sum rules are not expected to do as well for baryonic as for mesonic amplitudes. This difficulty is inherent to the method, as the basis of the sum-rule approach is an expansion in local operators. As a starting point the hadron is represented by a local interpolating field constructed from quarks. It is evident that for the case of baryons where at least three operators are taken at the same point this is a more drastic reduction than for the mesonic case with two operators. We therefore expect the contribution of higher resonances to be even more important for baryons than for mesons.
Technically this reflects itself in the higher dimension of the interpolating fields and thus in a faster increase of the perturbative contribution, which makes the assumptions on the continuum contributions more decisive.
In the limit where one of the quarks in the initial and final hadrons is infinitely heavy there are new flavor and spin symmetries, which have received much attention in the last years in the framework of the so-called Heavy Quark Effective Theory (HQET) [4] [5] [6] [7] [8] [9] (for a review see [10] ). QCD sum rules simplify considerably in the heavy quark limit [4] , but they can be applied also to evaluate 1/M corrections to the results obtained with infinite heavy quark masses. The method has had good success in the calculation of corrections to HQET (see [10] and references therein).
In the present paper, which is an extended and revised version of a previous letter [11] we evaluate the semileptonic decays of heavy Λ-baryons in the QCD sum rule approach as it was developed a few years ago for heavy meson decays [12] . This approach treats full QCD but also reproduces the symmetries of HQET. In Λ c semileptonic decay, which is among the best investigated processes of this kind, the relevant non-Cabbibo suppressed CKM matrix element V cs is known, so that calculations of these decays may provide very good tests of the applied method. On the other hand, there are quite serious discrepancies between experiments and HQET in the ratios of the lifetimes of beautiful baryons to beautiful mesons (see e.g. [13] ), and hence it is of prime interest to investigate in full QCD all decay channels of the Λ b baryon.
We use the sum rule technique for three-point functions that was introduced [14, 15] for the study of the pion eletromagnetic form factor at intermediate Euclidean momentum transfer. We analyse our form factors in the physical region for positive values of the momentum transfer since in this case the cut in the t channel starts at t ∼ m 2 Q (m Q represents the heavy quark mass), and thus the Euclidean region stretches up to that threshold. This paper is organized as follows: in Sec. II we discuss the method and introduce the form factors to be evaluated. In Sec. III we collect and discuss the results for the two-and three-point functions sum rules in HQET and shortly discuss the results. In Sec. IV we present our results obtained from QCD sum rules for the form factors and decay rates for Λ c and Λ b decays, and finally in Sec. V we present our conclusions. Technical details about the method used are presented in Appendices A, B and C.
Sum Rule Calculation
We label generically the initial channel by I and the final channel by In order to study the decay Λ I → Λ F + ℓ + ν ℓ using the QCD sum rule approach we consider the three-point function of the weak transition current from a initial to a final quark 
This three-point function of two spinors and a vector and axial vector can be expressed by a superposition of scalar form factors and the 24 vector valued 4×4 matrices of Table 1 .
The method of sum rules is based on the simultaneous evaluation of the expression of the correlator (1) in a phenomenological representation obtained by inserting physical intermediate states (the usual spin 1 2 baryons and higher resonances), and in a theoretical representation obtained through the OPE expansion. This is detailed below.
A. Phenomenological Side
The phenomenological expression is continued by dispersion relations into the not-sodeep Euclidean region where p
and where it is believed that the theoretical representation is reliable. We introduce the couplings f I and f F of the currents with the respective spin 1 2 hadronic states
and obtain the phenomenological representation of Eq. (1)
The general transition element Λ F (p F )|J µ |Λ I (p I ) with a weak current between two spin 1 2 states can be written in terms of the moments q = p I − p F and r = p I + p F , the spinors Table I in the form
Table I
Vector and axial vector structures constructed with four-vectors q, r and combinations of γ matrices. Notation is from Bjorken-Drell, with
Since on-mass-shell Λ I and Λ F baryons obey Dirac equations we may use the projector properties of the sums over the (on-mass-shell) spinors
and the sum over 24 invariants in Eq. (5) can be reduced to only 6 independent terms.
The experimental information is usually represented [16] by the invariant decomposition of the amplitude in the form
where the form factors F V,A i (i = 1, 2, 3) are functions of t = q 2 .
We then obtain for the phenomenological representation of the correlator
where we have defined
The reason for the separate notations for f and f ′ is that they belong to terms with different spin content (with and without γ matrix) and this will help in the classification of types of traces to be evaluated. Another reason is that we shall determine f and f ′ from the mass sum rules for Λ I and Λ F , and there is no guarantee that we have exactly f
Referring to the spinor forms that appear in Eq. (8), we may pick up terms with or without γ matrices in the numerators of the two fractions, and thus form four different kinds of products that we identify as
We project out a sum rule for each one of these 24 products by performing appropriate traces using Eq. (8) . Independent traces can be formed after multiplying Eq. (8) by the 12 vector and 12 axial-vector structures of Table I x
so that we obtain 2 × 12 independent relations that must be solved for the 2 × 12 unknowns quantities mentioned in Eq. (10) (we must recall that before we must introduce q and r everywhere in the places of p I , p F ). The results are given in Appendix A.
The constants f I , f ′ I , f F , and f ′ F have to be calculated from two-point function sum rules, as usual.
B. Theoretical Side
The theoretical counterpart is evaluated by performing the Wilson's operator product expansion (OPE) of the operator in Eq. (1) and then taking the expectation value with respect to the physical vacuum. The term from the unit operator gives the usual perturbative contribution, while the vacuum expectation values of the other operators in the expansion give the nonperturbative corrections proportional to the condensates of the respective operators.
where the index i refers to the types and dimensions of the condensates.
As usual in the sum rule method, we wish to evaluate the form factors that build the Λ F |J µ |Λ I amplitude by matching the phenomenological representation Eq. (8) of the three point function with its theoretical counterpart from Eq. (12) . The higher resonances are approximated by the perturbative contribution invoking quark hadron duality [1] .
As it is well known from two-point sum rules for baryons [17] [18] [19] , there is a continuum of choices for the interpolating currents. Of course the results should in principle be independent of the choice of the current (except for pathological cases which couple very weakly to the ground state), but the justification of the approximations depends on the choice made.
From the point of view of heavy quark symmetries, the spin of the heavy Λ is carried by the heavy quark, with the light quarks being in a spin and isospin singlet state, namely 
and thus project out the form factors given in Appendix A.
C. Sum Rule
To the 24 invariants in Eq. (5) correspond in the off-mass-shell case 24 invariant functions
F (where by f
I we mean either f I or f ′ I , and similarly for f
Appendix A. They obey double dispersion relations of the form
where −4ρ
which is given by the double discontinuity of the right hand side of the expressions in Appendix A. In Eq. (15) m I and m F are respectively the initial and final heavy quark masses and the dots represent subtraction polynomials in s and u, which will vanish under the double Borel transform [14] , in a straightforward generalization of that used before [1] . Applying the double Borel transform to Eq.(15) and subtracting the continuum contribution we obtain We will consider two different region of integration for the continuum contribution. A rectangular region specified by a rectangular cutoff:
and a triangular region determined by:
In the OPE side of the sum rules we can evaluate the double discontinuity of the traces x i using Cutkosky's rules. The perturbative contribution to the double discontinuity of x i in Eq. (14) is given by
where
and
In Eq. 
There are, of course, equivalent expressions for the double discontinuity of u i (see Eq. (14)) where the Lorentz structure is multiplied by the axial vector quantities a µ i .
In order to estimate the four-quark condensate we use the factorization
where the parameter κ, which may have some value from 1 to 3, is introduced to account for deviations from the factorization hypothesis [2] .
For the particular choice of current shown in Eq. (13) and using only the sum rules based on f I and f F structures (for which the imaginary parts are positive definite) we obtain the general results
with the t-dependence given by
and the quantities
define the physical region.
As mentioned before, f I and f F are determined from the two point sum rules and are given by [19] Comparing Eqs. (24) and (27) we can see that the exponentials multiplying Eq. (24) disappear if we choose
Indeed, this way of relating the Borel parameters in the two-and three-point functions is a crucial ingredient for the incorporation of the HQET symmetries, and leads to a considerable reduction of the sensitivity to input parameters, such as continuum thresholds s 0 and u 0 , and to radiative corrections [20] .
Leading HQ limit
In the HQET limit for infinite quark masses, the expressions for the sum rules simplify considerably, as was first noted by Shuryak [4] . All form factors can be described in terms of a simple function, the Isgur-Wise (IW) function, ξ, normalized to 1 at maximum momentum transfer. We use the familiar y-variable, related to the square of momentum transfer by
For convenience we give the relation between the Dirac-type form factors used here and the velocity form factors appropriate for HQET. The latter are defined through
where v I and v F are the velocities of the initial and final hadron respectively, and the form factors are functions of y.
Neglecting the matching conditions one has G
, and all other
. The relations with the form factors defined in Eq. (7) are given by [10, 16 ]
The baryonic two-point functions were discussed both in full QCD and in the HQ-limit in ref. [19] , three-point functions in ref. [21] , and 1/m corrections have been considered in ref. [22] .
In this section we collect and discuss the results for the two-and three-point sum rules.
We stay on the firm grounds of Wilson's OPE and only use local condensates. The four-quark condensate, which is the most important non-perturbative input, is normally reduced to the square of the chiral symmetry breaking two-quark condensate through the factorization hypothesis. We allow for an uncertainty in the factorization hypothesis introducing a factor κ that takes some value between 1 and 3 (see Eq. (22)).
Usually one introduces the variables ω and µ related to the relativistic momentum square s and the variable M 2 which appears after Borel improvement by
where m represents the heavy quark mass (m I or m F ). Then the square of the coupling to the Λ current (/ q-structure) is given by the sum rule derived from the two-point function
with
Here the cutoff ω c is the continuum threshold, i.e, above this value the resonances are taken into account by perturbation theory. One can easily see that Eq. (34) is obtained from Eq. (27) when the limit m I(F ) → ∞ is taken and the relations of form factors in Eq. (32) are used.
In order to ensure Luke's theorem [23] for the three-point function one has to ensure that the two-point sum rule yields a correct difference between the baryon and quark masses. heavy hadrons for a fixed value of y is the wedge between thesolid lines. According to ref. [25] duality can only be assumed after integration over the variable ω = ω 1 − ω 2 , namely along the dotted lines.
In order to determine the Isgur-Wise (IW) function, the choice of the continuum model is very important. As has been argued by Neubert [24] and shown in detail in a non-relativistic model by Blok and Shifman [25] it is essential to use a triangular cutoff in order to take into account correctly the contributions of the higher resonances, since a rectangular cutoff yields non-analytic behavior of the IW function at y = 1 and, as has been shown at least in the model consideration in ref. [25] , quark hadron duality for the three-point holds only after the double spectral function is integrated along the dotted lines in Fig. 1 . Performing this integration along the lines ω = (ω 1 + ω 2 )/2 = const, we are left with the sum rule for the three-point function, depending only on the Borel variable µ corresponding to ω, and the IW function is given by
As discussed before, we have chosen the nonrelativistic Borel parameters for the threepoint function to be twice the value of the two-point channel (here we have assumed the Borel parameters to be the same in the initial and final channels); this condition is essential for correct normalization. It can be shown that Eq. (24) In Fig. 2 we show that the IW function at y = 1.5 as a function of the Borel parameter µ in the range from 1 to 2 GeV presents a reasonable stability. In Fig. 3 we display the IW function ξ(y) and its slope ξ ′ (y) in the phenomenologically interesting range for y from 1 to 1.5. The influence of the choice of the parameters can be read off from Table II, where we show the values of ξ(1.5) and of the slope ξ ′ (1).
Table II
Values of the IW function ξ at y = 1.5 and of its slope ξ ′ at y = 1 for different values of the parameters. We see that the strongest influences come from the choices of the cutoff ω c and of the four-quark condensate, and also that the influence of the gluon condensate is small.
We can represent the sum rule result for the IW function accurately through a pole fit
It is important to remark that the slope of the IW function varies appreciably in the range 1 ≤ y ≤ 1.5 as can be seen in the dashed line in Fig. 3 . Our result for the slope at maximum momentum transfer is about twice the value obtained in ref. [22] where a linear fit is used. The slope at maximum momentum transfer is potentially important for model insensitive determinations of V cb [26] from Λ b semileptonic decays. 
Form Factors and Decay Rates in full QCD
In this section we discuss the results for the structure f I f F . The results based on the structures f ′ I f F and f I f ′ F are given respectively in Appendices B and C.
In order to determine the continuum thresholds u 0 and s 0 for the form factors and decay rates in full QCD we first analyse the mass sum rules. The expression for the two point sum rule in the / q-structure was given in Eq. (27) . The corresponding sum rule in the 1-structure is given by [19] 
The we have used κ = 2 and ∆ u = 0.8 GeV.
In ref. [18] it was argued that the determination of the baryon mass based on the ratio of Eqs. (39) and (27) may be misleading especially for light baryons, since states with positive and negative parity contribute to it with opposite signs (we shall call this method 1). An alternative way to determine the baryon mass is based on the sum rule Eq. (27) and its derivative with respect to M −2 We first discuss the process Λ b → Λ c ℓν ℓ . In the form factor sum rule result, Eq. (24), we introduce the relation between the two Borel masses
In Fig. 7 we show the behavior of the contributions to the form factor F We have also calculated the t-dependence of this form factor in the range 0 ≤ t ≤ 8 GeV
2
(which covers the major part of the kinematically allowed region 0 ≤ t ≤ 11.34 GeV 2 ) where we do not have difficulties caused by non-Landau singularities [12] . The t-dependence, represented with dots in Fig. 8 , can be very well approximated by a pole fit, as shown by the solid line in Fig. 8 (method 1) . The extrapolation of the fit to the maximal momentum
In HQET this value is just the IW function at zero quark recoil (see Eqs. (32)) and is predicted to be 1. In Fig. 8 we also plot the result obtained for F Another point already mentioned is the importance of the continuum model. The above results were obtained using a rectangular region of integration (see Eq. (17)). However, as pointed out before [24, 25] , to take correctly into account the contributions of higher resonances it is essential, in the HQ limit, to use a triangular region. Since in the present problem the initial and final heavy quarks have different masses the triangular region cannot be the same symmetric triangle shown in Fig. 1 , but it has to be modified by the ratio m F /m I . Therefore, the limiting triangular region is defined by Eq. (18). In Fig. 9 we show the behavior of the contributions to the form factor F V 1 at t = 0 for κ = 1 as function of the Borel mass M 2 F , obtained using the above defined triangular region of the continuum model and method 1 to determine the continuum thresholds. We observe that the perturbative contribution is now bigger than when using the rectangular region of integration and that the stability of the curve, as a function of the Borel parameter, is even better than in Fig. 7 .
The t-dependence of F Also, comparing Figs. 10 and 8 with the dashed line in Fig. 4 we see that the results from HQET are very similar to the ones obtained with the triangular region in full QCD.
In Table III we compare the HQET values for the form factors with 1/m Q and short distance corrections given in ref. [10] with our results (see Eq. (32)). The indicated errors account for both choices of models for the continuum integration. With the pole parametrization of the form factors we can evaluate the decay rate of the semileptonic decay Λ b → Λ c ℓν ℓ . Using V cb = 0.04, we obtain for the decay width
where the errors reflect variations of κ from 1 to 2, the choices of different regions of the continuum contribution and different continuum thresholds. This value is in agreement with other predictions [16, [27] [28] [29] , which are in the range (3.5 to 6.17) ×10 −14 GeV, and is also in agreement with the experimental upper limit [30] given by
There is only one calculation of the semileptonic decay Λ b → Λ c ℓν ℓ from lattice QCD [31] , which gives, however, only a lower limit to the decay rate since the method cannot access all the velocity transfer range. We now turn to the analysis of the Λ c → Λℓν ℓ semileptonic decay. We first analyse the Λ mass sum rule that can be obtained from Eqs. (27) , (39) 
and m s = 0.17 GeV, M Λ = 1.115 GeV. As can be seen from the dotted line in this figure, the Λ mass obtained by method 1 is not stable as a function of the Borel mass. In Fig. 11 we also show M Λ as a function of the Borel mass, obtained by dividing Eq. (43) Considering the masses of the baryons in the initial and final states the relation between the Borel masses in the three-point function is now given by and the short-dashed line is the four-quark condensate for κ = 1 (see Eq. (22)). The solid line shows the total contribution.
In Fig. 12 we show the behavior of the contributions to the form factor F 
The form factors obtained with method 2 for the determination of the continuum threshold for Λ c yield a very large decay width ((13.6 ± 2.3) × 10 −14 GeV) but we do not think we can trust this result since, in this case, the sum rule is dominated by the four-quark condensate.
Several theoretical attempts have been made to describe the form factors in the Λ We can also make predictions about the decay width of the semileptonic decay Λ b → pℓν ℓ .
This decay was recently studied in the partial HQET framework [36] with result Γ(Λ b → pℓν ℓ ) = (1.43 ± 0.07) × 10 −11 |V ub | 2 GeV. Since the proton is not a heavy baryon, it is very important to compare this result obtained in the framework of partial HQET with our full QCD result though it should be remembered that there are serious objections against the use of conventional sum rules for heavy light transitions [37] .
The procedure is exactly the same as described above for the Λ c semileptonic decay. The results for the proton mass and form factor as functions of the Borel mass are very similar to those presented in Figs. 11 and 12 , being only a little less stable. The region in the Borel mass where the perturbative and non-perturbative contributions to the form factor are in equilibrium is above 3 GeV 2 . Therefore, we evaluate the sum rules at M respectively. Using also either the rectangular or the triangular region for the continuum contribution we obtain
in agreement with the result of the HQET calculation [36] . The knowledge of the form factors also allows us to calculate the charged lepton energy spectrum. In Fig. 14 we plot (1/Γ)dΓ/dE l versus the energy of the charged lepton, E l , for the three studied decays. The spectra have exactly the same shapes for κ = 1 or 2 and for either the rectangular or triangular region in the continuum model.
Summary and Conclusions
We have developed in this paper the complete kinematical formalism to obtain the physical form factors of semileptonic hyperon decays from the off-shell three-point functions and QCD sum rules. We have obtained the t -dependence of the form factors directly from the sum rules in the physical region for positive values of the momentum transfer since, in this case, the cut in the t channel starts at t ∼ m 2 Q (m Q being the heavy quark mass), and thus the Euclidean region stretches up to that threshold. We have applied this formalism to the Λ
It turns out that the sum rule for Λ + c → Λ + e + + ν e depends much more strongly on the values of parameters used in the sum rules than what has been found in the case of the analogous mesonic decay D → K ( * ) + leptons . In particular, the dependence on the choice of the model for the continuum makes detailed predictions impossible. This is not surprising since: a) the higher dimension of the baryon currents implies a faster increase of the discontinuities along the cuts and thus a stronger dependence on the assumed onset of duality (continuum threshold); and b) spin leads to further complications. In our projection we have only singled out the ground state with spin 1/2 and put all remaining contributions in the pertubatively treated continuum. For higher spin states, which are also present in the three-point function, the projection is much more involved and such a simple treatment may be less justifiable than in the scalar and vector meson cases. This difficulty reflects itself in a certain inconsistency of the sum rules for the same form factor obtained from different gamma-matrix structures (see Sec. IV and Appendices B and C). We have therefore studied in more detail the f I f F structure (see Eq. (24)). Another special feature of the Λ c semileptonic decay is the importance of the four-quark condensate which, for some values of the continuum thresholds, gives much larger contribution than the perturbative part. According to the original SVZ philosophy [1] , this brings doubt to the use of the sum rule approach in this case,and, furthermore, we must remark that the value of the four-quark condensate is only poorly known. So it is natural that the present analysis of the Λ c decay leads to very large errors, and the same is true, to an even larger extent, for Λ b → pℓ
ℓ is much more favorable. Here the symmetries valid in the limit of the masses going to infinity make themselves remarkable also in our treatment of full QCD. The result of the present more complete investigation modifies our earlier assertion [11] about large 1/M 2 corrections for this decay. This is mainly due to the choice of the appropriate continuum model. It has been strongly argued by Blok and Shifman [25] that only a triangular cutoff (see Sec. IV) is adequate for HQET, since a rectangular cutoff does not project out the p-waves properly. This argument becomes much more important for fermions than for mesons, since the change from a rectangular to a triangular cutoff, which had no strong effect on the decay rate of the mesons, is very important for baryons.
So we conclude that a treatment of the Λ b → Λ c ℓ −ν ℓ through HQET sum rules is satisfactory. Nevertheless, we must remark that the influence of the continumm threshold on the phenomenologically important slope of the Isgur-Wise function is not negligible also in the HQET limit.
We have calculated the semileptonic decay form factors using sum rules with three different tensor structures. The most robust result that we have obtained for the form factors is that F We have also calculated the charged lepton energy spectrum and it is interesting to remark that the form of the spectrum is not sensitive to the structure used, neither to the model of continuum, neither to the parametrization of the four-quark condensate.
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Appendix 1 . Projecting out the Form Factors
, (with i = 1, 2, 3) ,
and using
the 24 unknows defined in Eq. (10) are given in term of the traces by
and for the axial form factors we obtain (10)) we obtain the general results
and only the perturbative diagram contributes to F
. Since the form factors F
contribute to the semileptonic decays at O(m 2 ℓ /q 2 ) [16] and are thus difficult to measure, we will not present results for these quantities here.
The stability behavior of the sum rules as a function of the Borel mass is here very similar to that shown in Figs. 7,9 and 12, and the pole fits also describe very well the t-dependence of the form factors (as well as the curves shown in Figs. 8,10 and 13). In Table IV we give the pole parametrization of the form factors for the process Λ b → Λ c ℓν ℓ for two values of κ (see Eq. (22)) and for the two forms of regions of continuum contribution considered. The other parameters are exactly the same as discussed in section IV. The continuum thresholds are obtained using method 1 for Λ b and Λ c , and method 2 for Λ. 
The extrapolation of the fits given in Table IV With the pole parametrizations given above, the Λ b → Λ c ℓν ℓ decay rate is
where the errors reflect variations of κ from 1 to 2 and the different choices for the continuum contribution. This value is larger than the one obtained based on f I and f F structures (see Eq. (45)), but it is still in agreement with other predictions [16, [27] [28] [29] and with the experimental upper limit [30] (see Eq. (46)).
In the case of the process Λ c → Λℓν ℓ , when the form factors are extracted from the sum rules based on f ′ I f F structure, we obtain a very large decay rate Γ(Λ + c → Λ + e + + ν e ) = (19 ± 5) × 10 −14 GeV ,
which is much larger than the experimental value [30] (see Eq. (46)) and more than two times larger than the value obtained using the sum rules based on f I f F structure (see Eq. (49)).
The mathematical reason for this discrepancy is that while the F form factors, which are zero when the f I f F structure is used and of about −0.1(−0.2) (for κ = 1(2)) at t = 0 for the f ′ I f F structure. This can be seen in Table   V , where we give the pole parametrization of the form factors for the process Λ c → Λℓν ℓ extracted from the sum rules based on the f ′ I f F structure. = 0, which is true only for the f I f F structure. Therefore, we can foresee more discrepancies
here. For the F 1 form factor, this structure gives a result about 30% smaller than in the previous studied structures for the Λ b decay, but gives a result with a factor more than two smaller for the Λ c decay. Moreover, while it is still possible to parametrize the t-dependence of F 1 with a monopole form in the case of the Λ b decay (with an agreement similar to the other structures), this is not possible for the Λ c decay. The pole mass needed to fit the t behavior is smaller than t max = (M Λc − M Λ ) 2 . We have used an exponential form factor of the type exp (t − a)/b to fit the t-dependence of F 1 , but the agreement is rather poor.
For the F 2 form factor a monopole fit is possible for both decays, and its magnitude is about 20% smaller than for the structure f ′ I f F for the Λ b decay (therefore, consistent with zero), and a factor more than two smaller for the Λ c decay.
In Table VI we give the pole parametrization of the form factors for the two processes Λ b → Λ c ℓν ℓ and Λ c → Λℓν ℓ , extracted from the sum rules based on the f I f ′ F structure. With the above parametrizations we obtain for the the decay rates 
Therefore, the sum rules based on the structure f I f ′ F give too small decay rates for both Λ b
and Λ c decays. Of course the variation in the three structures considered is much larger in the case of the Λ c decay and this should be expected since the simple current used is not the best suited to describe Λ, as can be seen by the short-dashed line in Fig. 11 , which shows that the 1 structure is not trustworth in the mass sum rule, and this structure is related with the f ′ structure in the decay.
It is important to mention that even with this structure the extrapolation of the fits given in Table VI 
